This short review is concerned with a topic that has been neglected and is still very poorly understood: what the general public think and believe about biology (including health and medicine, and bioethics), and, in particular, about biotechnology.
Introduction
This brief review is concerned with a topic that has been neglected and is still very poorly understood: what the general public think and believe about biology, and in particular about biotechnology. Much of it, therefore, concerns my own personal opinions, and these are often controversial.
One of the reasons why people find it difficult to understand modern science is that, as I argue in my book The Unnatural Nature of Science [1] , scientific explanations go against common sense. For example, when you look at the sun you think that the sun goes round the earth, and that force causes motion. These are both false. In the field of biology, the fact that human beings (along with all multicellular organisms) are made up of a society of cells, and the fact that acquired characteristics cannot be inherited, both similarly go against common sense.
Very little research has been done in the U.K. into what people actually know about science. There is more information about this in the U.S., where it is generally thought that about 20% of the public are 'scientifically literate' in that they understand the science pages of newspapers. However, surveys have also shown that only 11% of Americans understand what a molecule is -that is, they do not understand whether atoms are made up of molecules or molecules of atoms.
One area where limitations in basic scientific knowledge have important consequences is that of clinical trials. Many doctors fail to explain clearly to their patients the rationale behind double-blind trials and why they are so important.
The British Medical Association has suggested that this may explain why clinicians often have difficulty in recruiting patients for such trials, and why relatively few are carried out. In my opinion, this topic is so important that it must be taught in schools.
Eurobarometer: Europeans and biotechnology in 2005
Much of the fairly limited information that we have about public knowledge and beliefs about science in Europe comes from the Eurobarometer series of opinion surveys. A recent Eurobarometer survey on Europeans' knowledge of and attitude to biotechnology in the 25 states of the expanded EU (European Union) [2] concluded that, in general, about 50% of the people surveyed were 'quite positive' about biotechnology. In the U.K., 44% of people reported that they had heard of gene therapy and 14% had heard of pharmacogenetics, although it was unclear whether those people knew what the terms meant. Gene therapy was seen as acceptable and useful by about 50% of people in the U.K., but fewer were prepared to accept genetically modified foods. There was little interest in, and there was a positive correlation between, religious belief and hostility to stem cell research.
I will look at the issue of stem cell research in a little more detail. Overall, people in the U.K. are, when compared with other Europeans, at least aware of this area of research: 61% of Britons claim to be 'very familiar' or 'fairly familiar' with stem cell research as compared with an EU average of only 30% (Figure 1 ). People in southern and eastern Europe (including the former Eastern Bloc countries) are at least familiar with stem cells. However, it would perhaps be surprising if even those people who claim familiarity with stem cell research understand much about it. For example, it would be surprising if anyone without specialist knowledge in the area knew that stem cells could give rise to tumours.
In the same survey, participants were asked multiple choice questions in order to ascertain their level of scientific knowledge or literacy. This gave interesting but inevitably limited results. For example, 66% of Europeans correctly stated that offspring inherited characteristics from their parents through their genes. However, the survey did not ask further questions about genes so it was impossible to find out, for example, whether people knew that genes are 'passive' and merely code for the proteins, the 'workhorses of the cell'.
Public beliefs about medicine and health
Much of the Eurobarometer survey concerned knowledge and beliefs about health, which is self-evidently an area that people worldwide care deeply about. On average, Europeans could identify five out of fifteen factors with recognized associations with increased incidence of cancer, including increasing age, smoking and a low fibre diet. Many people, however, failed to identify the crucial differences between bacteria and viruses, with 55% of people believing that antibiotics are also active against viruses. As the misuse of antibiotics -both over-prescribing, and failing to finish courses -is closely linked to the development of resistant bacterial strains, this lack of knowledge can have important consequences.
A lack of scientific knowledge also influences the takeup of different (more and less effective) medical treatments. A large proportion of the European population will take homoeopathic medicines. These may have a placebo effect, but I cannot see how a liquid that has been diluted so much that it can contain no active molecules could ever have a real effect. Conversely, people can be frightened of scientifically tested and effective medical technology. There is a great fear of radiation and the word 'nuclear' is forbiddeneven the established diagnostic technique of NMR (nuclear magnetic resonance) cannot be referred to by its full name. In this context, it is encouraging, at least, that about half the population would 'unhesitatingly' have a genetic test.
There is very little information on what the public understand about medicine. A few years ago I conducted a small, unpublished survey into this myself. I found that although 96% of people had heard of diabetes, very few could name a single symptom. Many people believe that colds can be caught simply from being cold and damp, and a significant percentage believed that urine came from the liver. Some of the popular beliefs about health can be summed up by a quote from Peter Medawar [3] , who was awarded the Nobel Prize in Physiology or Medicine in 1960 for the discovery of acquired immunological tolerance: 'If a person is poorly, receives treatment to make him better, and then gets better, then no power of reasoning known to medical science can convince him that it may not have been the treatment that restored his health'. This perhaps explains the popularity of some 'alternative' therapies. There is also a curious hostility towards the idea that genes have an important involvement in mental illness, which was shown clearly in a report from the Nuffield Council on Bioethics in 1998 (updated in 2001; [4] ). The contribution of genetics to the incidence of depression, for example, is known to be about 50%.
Biological knowledge, beliefs and bioethics
The Eurobarometer surveyors gave their respondents a quiz, asking them to say whether certain biological statements were true or false. The results of this give some specific examples of the levels of correct understanding and misunderstanding throughout Europe when the survey was conducted. Most people knew that there were bacteria that live in waste water. However, two-thirds of people agreed with the statement that 'ordinary tomatoes do not contain genes, while genetically modified tomatoes do', indicating a shocking lack of knowledge about genetics. About half the respondents knew that cloning living things produces genetically identical offspring; that a person's genes cannot be modified by their eating genetically modified fruit; and that it is the father's genes that determine whether a child is a girl or a boy. Most people knew that it was possible to determine whether a child is affected by Down's syndrome in the first months of pregnancy.
I found it disturbing to discover that the questions selected, or the way they were worded, revealed gaps in the knowledge even of the people setting the questions. The quiz in the 2005 survey included the statement 'Embryonic stem cells have the potential to develop into normal humans', and claimed that it was true. In practice, embryonic stem cells can give rise to parts of humans when injected into an embryo, for example, but they certainly cannot give rise to a complete human.
Also, on the same subject, the authors of one survey used the statement 'The cloning of living things produces genetically identical offspring', which is correct. But later in the same survey they used the sentence 'The cloning of human beings results in perfectly identical descendants', as if it was identical with the first one. That is, of course, false.
The Eurobarometer survey also asked Europeans whether they believed that the immediately fertilized embryo was human. The answers revealed a divergence of beliefs across Europe, with southern Europeans the most likely to agree (Figure 2 ). These are generally Catholic countries, which is as expected, given current Catholic teaching in the area. However, up to a few hundred years ago the general view was that the developing embryo became human at about 30 or 50 days, when the soul entered. Then the Catholic Church suddenly decided that it was at the point of conception, without reference to the Bible or anything else. This is the thinking that has led to, for example, President George W. Bush's veto of stem cell research. It may also be related to the level of ignorance about development which goes back to school biology. Children are not taught about embryonic development, which is crucial to both an understanding of evolution and an informed discussion of the ethics of cloning, which is on the school syllabus.
Science, the arts and technology
I believe that science has done a great deal for the arts, but that the arts have done nothing for science, and literature, in particular, has been particularly bad for biology. Novels, even classic novels such as Mary Shelley's Frankenstein [5] , H.G. Wells' Island of Doctor Moreau [6] and Aldous Huxley's Brave New World [7] , show biology and biologists in a sinister light, and, more generally, most scientists in books and films are portrayed as male, emotionally impoverished and dangerous.
Much of the public mistrust of science and scientists can be explained in terms of the deficit model. This says that people have difficulty in assessing scientific topics that might affect their lives -such as stem cells or cloning -because of a deficit in the understanding of these areas. However, there is also an issue of who people trust and here, reassuringly, university scientists are trusted a great deal, much more than government or industry (Figure 3) .
In any discussion of the ethics of science, I think that it is very important to distinguish between science and technology. Science is concerned with understanding how the world works, whereas technology is concerned with making useful things. Science only began to have an impact on technology in the 18th Century, after the beginning of the Industrial Revolution. Given this definition, I believe that science, as opposed to technology, has no ethical value whatsoever. I am therefore opposed to one of the arguments of the Pugwash Conferences [8] , that scientists should declare that they will be responsible for their discoveries, simply because they can have no idea when discoveries are made what their applications will be. For example, restriction enzymes were discovered, serendipitously, by people trying to discover why certain bacteria are resistant to certain viruses.
What I would like the public to know
Firstly, I would like the public to believe that there is no evidence that the very early embryo is a human being. There is plenty of clear scientific evidence for this. At any time up to 12 days after conception, an embryo can divide and develop into monozygotic twins. Furthermore, up to 30% of fertilized eggs will die before pregnancy is fully established, and these losses are not thought of in the same way even as later miscarriages. This is important particularly as it relates to support for stem cell research. IVF (in vitro fertilization), which results in the destruction of embryos, is performed regularly even in many countries where stem cell research is banned. It must, therefore, be irrational to support IVF but oppose stem cell research. Several members of the U.K. House of Lords made this point in a recent debate about stem cells, but not one member of the House of Commons. I would also like to see more discussion of whether people with, for instance, severe behavioural problems or genetic defects should be allowed to have children. Currently, this topic is taboo, but there is serious discussion of the ethics of prenatal diagnosis, which is designed to prevent children from suffering. I would also like to argue that human reproductive cloning raises no new ethical issues, but I do believe that it should be banned simply because there is a high probability that a cloned child will be abnormal.
I would also like the public to become better informed about statistics, and about risk. Statistics is poorly understood, even by the medical profession. I give the following example to medical students. There is a disease which affects 1% of the population and, where there is a test that can detect the disease, that is 80% accurate. There is, however, a 10% chance of a false positive. What should the doctor tell a patient who tests positive about their risk? Should the patient be worried? Most students say that the patient should be worried. However, a simple statistical analysis suggests otherwise. Out of every 1000 people, 1% (or ten) will have the disease, and of these ten, only eight will be detected by the test. Tests on the 990 people without the disease will give 100 false positives. Thus only eight out of 108 with a positive test will have the disease; a positive result equates to under an 8% chance of having the disease.
I will illustrate the issue of risk and its perception with reference to a colleague of mine at University College London, John Adams, who has written an excellent book on the subject [9] . He gives the following problem [10] to his geography students.
'The chemical industry routinely uses the chemical dihydrogen monoxide. It is used in significant quantities and it often leads to spillages and other leaks and regularly finds its way into rivers and into our food supply.
'The chemical is a major component of acid rain, contributes to erosion, decreases the effectiveness of automobile brakes and is a major greenhouse gas. Moreover, it's found in the tumours of cancer patients. It can cause excessive sweating and vomiting and accidental inhalation can kill you. Should this chemical be strictly regulated or even banned?' Usually, the students vote for this substance to be banned.
Conclusion
In conclusion, I believe that we need to know much more about what the public believes and understands about biology and about some specific issues; for example, evolution. The Eurobarometer surveys go some way towards this, but much more research is needed. It would also be useful to keep a record over years of how biology is reported in the press, which biology books are reviewed (and where), and all PUS (public understanding of science) initiatives should be fully evaluated. It would cost relatively little to do all these things, at least when compared with the millions spent on biological research, and they would be very worthwhile.
